We study the sensitivity of anomalous neutral triple gauge couplings (aN T GC) via pp → ZZ production in the 4 channel at 100 TeV centre of mass energy of future circular hadron collider, FCC-hh. The analysis including the realistic detector effects is performed in the mode where both Z bosons decay into same flavor, oppositely charged lepton pairs. 
I. INTRODUCTION
The studies on the diboson production at colliders play an important role in testing the non-Abelian SU (2) L × U (1) Y gauge group of the electroweak sector in the Standard Model (SM) and searching for new phenomena at the TeV-energy scale [1] . Since there is no triple gauge couplings between the photon and Z boson (Zγγ and ZγZ) except W W Z and W W γ in the SM, pairs of Z bosons cannot be created at a single vertex in the SM. Therefore any deviations from SM predictions on neutral triple gauge couplings (including ZZγ, Zγγ and ZZZ vertices) can give an indication about new physics beyond the SM. The new physics effects at high energy can be parametrized in the Effective Field Theory (EFT) approach. This theory is general enough to point the most probable places to observe these effects since it is renormalizable, includes the gauge symmetries of the standard model and can be used at both tree level and loop level. There is no concern on violating of the unitary of anomalous couplings in scattering processes at higher energies according to this theory. Anomalous NTG vertices can be added in an effective Lagrangian using EFT approach and parametrized by CP-conserving and CPviolating couplings, while no SM NTGC is present at tree-level [2] .
The production of ZZ dibosons in the 4 final state * aliyilmaz@giresun.edu.tr † senol a@ibu.edu.tr ‡ denizli h@ibu.edu.tr § ilkay.turk.cakir@cern.ch ¶ ocakir@science.ankara.edu.tr have been studied by various collaborations such as the Large Electron-Positron (LEP) [3] [4] [5] [6] [7] [8] where the first bounds on anomalous neutral triple gauge couplings (aNTGCs) using e + e − collider was obtained, the Collider Detector at Fermilab (CDF) [9, 10] and DØ [11, 12] also searched the limits of aNTGC at Tevatron pp collider. Recently, ATLAS [13, 14] and CMS [15, 16] collaborations published the improved limits of aNTGCs thanks to the center of mass energy of LHC in the range of 13 TeV at the LHC. This high center of mass energy leads to enhance the cross-section which would widen the range of triple gauge coupling studies. There are also some phenomenological studies for probing the sensitivities of aNTGCs at hadron colliders in the EFT framework [17] [18] [19] [20] [21] .
The dimension-eight (dim-8) effective Lagrangian for nTGC in the scope of EFT assuming the local U(1) EM and Lorentz symmetry can be written as [22] 
where i is the index of equations running over the operators given as
where B νµ is dual B strength tensor. We used the arXiv:1906.03911v1 [hep-ph] 10 Jun 2019 convention given below in the definitions of the operators
with σ I σ J = ∂ I J /2 and TeV and integrated luminosity L int = 36.1 fb −1 from the LHC are given in Table I . In this table, all couplings other than the one under study are set to zero. 
Couplings
Limit 95% C.L. at 100 TeV center mass energy. FCC-hh, comparing to LHC, has the energy scale by a factor about 7 depending on the process [25] .
Exploring the new physics effects in the production of diboson is a challenging task. In the literature ZZ diboson production has been examined in 2 decay channels such as "2 2ν" and "4 " channel [2] . In the first channel ZZ → 2 2ν, one of the Z decays into a neutrino while the other one decaying into a same flavor, oppositely-charged two leptons which leads to increase in the missing transfer energy in the final state. Therefore this channel exposes to a larger background contribution and it is not kinematically reconstructable completely. In the second decay channel ZZ → 4 , not only the first Z boson, but also the other Z boson decays into a same-flavor, oppositely charged two leptons. This process gives rise to include a very low background and kinematically reconstructable in the final state. On the other hand, one needs to take into account the process has small branching fractions results with a low statistics in the final state. This paper will be organized as follows: In section II we will discuss the simulation environment of ZZ diboson production for signal and background at FCC-hh collider. Event selection procedures of our phenomenological study in the 4 final state will be given in section III. In section IV, we will give the collected results for 4 final state analysis. Conclusions on the sensitivities of each couplings will be summarized in section V.
II. GENERATION OF SIGNAL AND BACKGROUND EVENTS
To obtain the bounds on aNTGC parameters of ZZ diboson production in the framework of the EFT at the FCC-hh. We generated signal and background events for the pp → ZZ process by importing the signal aTGC implemented through UFO model file into MadGraph5_aMC@NLO v2.6.4 [26] . The PYTHIA v8.2 [27] package is used for parton showering and hadronization. LHAPDF v6.1.6 [28] library and its NNPDF v2.3 [29] set is used as the default set of parton distribution functions (PDFs) for all simulated MC samples. 3 × 10 6 events of the signal and the background were generated for each dim-8 couplings. The detector response is simulated using a detailed description of the FCC-hh detector card implemented in the Delphes v3.4.1 [30] . All events are analyzed by using the ExRootAnalysis [31] package with ROOT v6.16 [32] . The kinematical distributions are normalized to the number of expected events which is defined to be the cross section of each processes including the branchings times integrated luminosity of L int = 10 ab −1 . Feynman diagrams that contribute to the signal and its main-background processes are shown in Fig. 1(a) and Fig. 1(b) , respectively. The red dot represents the aNTGC vertex in the production of ZZ. The cross section is calculated with a set of generator level cuts; a lepton is declared to be isolated if the p Tsum of all particles within the isolation cone size R iso = 0.3, minimum p T = 10 GeV and |η| < 2.5 for the charged leptons. In the calculations, default mass of the Z boson is used as 91.187 GeV.
The cross sections of the ZZ process as a function of mentioned four dim-8 couplings are shown in Fig. 2 . In this figure, only one coupling at a time is varied from its SM value and plotted as a function of couplings in the range of limits reported by CMS Collaboration [16] . One can clearly see the deviation from the SM. 
III. EVENT SELECTION
We consider 4 final state in our analysis based on Ref. [16] including three possible options;
The preselection for this analysis require the presence of a pair of leptons of the same or different flavors [33] . All permutations of leptons giving a pair of Z/γ * candidates are considered within each event. The pairing ambiguity is resolved by ordering the pair of dilepton candidates based on the differences between the reconstructed invariant mass of dilepton canditate (m + − ) and nominal Z boson mass m Z . Therefore, the dilepton candidate with an invariant mass closest to the nominal Z boson mass [34] , is denoted leading Z while the second closest is defined as subleading Z.
In order to see the region where the signal can be enhanced we plotted the transverse momentum of leptons (p 1 T , p 2 T ) versus the reconstructed invariant mass of the leading and subleading Z as shown in Fig. 3, Fig. 4 and Fig. 5 for 4e, 4µ and 2e2µ channels, respectively. p The pseudo-rapidity cuts of all leptons are applied as |η | < 2.5. The distance ∆R( 1 , 2 ) between leptons in η-φ plane is evaluated by the function
and plotted in Fig. 6 . This figure shows ∆R distributions between two leptons of leading and subleading Z in the first and second column. Each row corresponds to different decay channel aligned for 4e, 4µ and 2e2µ, respectively. In order to meet the detector requirement, we applied a cut for all leptons are separated from each others by imposing ∆R( 1 , 2 ) > 0.02. The pp → ZZ sensitivity is estimated by using events where a further cut is applied for both invariant mass of leading Z and subleading Z bosons must be within the range 80 < m leading Z < 100 GeV and 60 < m subleading Z < 110 GeV, respectively. This ranges were chosen to keep most of the decays in the resonance while removing mostly other processes with 4 final states. Decays of the Z bosons to τ leptons with subsequent decays to electrons and muons are heavily suppressed by requirements on lepton p T .The cut flow steps in the analysis for selecting the events are summarized in Table II .
After applying the kinematical cuts discussed above, the reconstructed invariant mass of the leading Z boson candidates, and a scatter plot showing the correlation between subleading Z boson versus leading Z boson in simulated events, are shown in Fig. 7 .
IV. RESULTS
To obtain 95% C.L. limits on the couplings, we apply χ 2 criterion without and with a systematic error. The χ 2 function is defined as follows Channel Signal Background Total  4e  16308  13991  30299  4µ  32477  26850  59327  2e2µ  76404  71755  148159 where
is the total number of events in the existence of effective couplings, N B i is total number of events of the corresponding SM backgrounds in ith bin of the invariant mass of the quartet-leptons distribution, ∆ i = δ 2 sys + 1/N B i is the combined systematic (δ sys ) and statistical errors in each bin.
The existence of aTGCs will lead to enhance the yield of events at quadruplet-lepton masses. The distribution of the quadruplet-lepton reconstructed mass of events with both leading and subleading Z bosons in the mass range 60120 GeV for the unified 4e, 4µ, and 2e2µ channels are depicted in Fig. 9 . The limits on probable contributions from aNTGCs are extracted by using this distributions. We present the results of one-dimensional 95% C.L. confidence intervals at L int = 10 ab −1 under the assumption that any excess in signal over background due exclu- Table IV . We also include the effects of systematic errors on the limits. The obtained limits without systematic errosr are one order better than the current limits on these couplings of dim-8 operators converted from the couplings of dim-6 operators for the process pp → ZZ → + − + − [14] at the center of mass energy √ s = 13 TeV and integrated luminosity L int = 36.1 fb −1 from the LHC. 4 and C BB /Λ 4 couplings. Even with 5% systematic errors, the obtained bounds for FCC-hh are better than the LHC results on all couplings studied in this paper. The limits of aNTG couplings would benefit from high luminosity and the high energy when the systematic uncertainties are well reduced below 5%.
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